Purpose The plasminogen/plasmin system is an important extracellular protease system whose function has been implicated in male reproductive function. However, its clinical relevance to fertility in human assisted reproduction technologies has not been systematically investigated. Here, we examined whether total and active populations of urokinase-type plasminogen activator (uPA) in human seminal plasma and spermatozoa are predictive of pregnancy outcome in couples undergoing insemination or intracytoplasmic sperm injection (ICSI). Methods Seminal samples from 182 men, 5 donors, 21 patients attending the clinic for infertility screening, and 156 for assisted reproduction technology (ART) treatment (insemination and ICSI), were evaluated. Total uPA in seminal plasma and spermatozoa as well as active uPA in seminal plasma were measured by ELISA. Sperm quality parameters and fertility outcomes following insemination or ICSI were correlated with the uPA values. Results Active uPA in seminal plasma was positively correlated to the volume of the ejaculate, total number of spermatozoa in the ejaculate, and total motility. However, these values were not prognostic of fertility outcomes. Total uPA in spermatozoa was inversely related to sperm concentration, total sperm in ejaculate, morphology, and total and progressive motility, and this measure was not related to fertility. Importantly, however, higher values of total uPA in seminal plasma were detected in cases that resulted in pregnancy compared to those that did not follow insemination and ICSI treatment. Conclusions Taken together, these findings lay the foundation for further understanding the mechanism by which total uPA in seminal plasma affects fertility and how this marker can be used as a predictor of ART outcomes.
Introduction
The plasminogen/plasmin system functions as one of the most important extracellular protease systems in vivo. It participates in different processes related to the degradation of protein matrix, cell migration, tissue remodeling, angiogenesis, and inflammation [1, 2] . It is activated when the zymogen plasminogen is converted into the serine protease plasmin by a complex system. This includes the tissue-type plasminogen activator (tPA) or the urokinase-type plasminogen activator (uPA), and it is regulated by plasminogen activator inhibitors type 1 (PAI-1), type 2 (PAI-2), and type 3 (PAI-3 or protein C), as well as the u-PA-specific receptor (u-PAR) [1, 3] .
The plasminogen-plasmin system has also been implicated in male reproductive function. Plasminogen activators have been detected in different locations of the male reproductive tract, such as testis and epididymis [4] [5] [6] . Some authors have detected the presence of both plasminogen activators, tPA and uPA [7] [8] [9] , as well as inhibitors of the plasminogen-plasmin system in human seminal plasma [10, 11] . Animal studies demonstrate the role of this system in spermatogenesis, sperm capacitation, and fertilization [12] [13] [14] [15] [16] [17] . Recently, the use of new mice models, such as uPA-immunized male mice [18] and inducible knockout mice of uPA [19] , has confirmed the importance of the uPA as a main factor necessary for normal male fertility. The downregulation of uPA decreased the fertility and sperm motility of male mice [19] . Additional animal studies have suggested the importance of uPA and plasminogen/plasmin system in sperm motility, capacitation, and acrosome reaction processes [20] [21] [22] , and a chemotactic effect of uPA on mouse spermatozoa has been reported [23] . uPA also stimulates human sperm motility [24] . Using the pig model, our group has demonstrated the role of plasminogenplasmin in the pig fertilization process, showing its activation when the spermatozoa contact the oolemma to elicit a reduction in the number of supernumerary spermatozoa bound to the zona pellucida [14] [15] [16] .
The majority of the studies have evaluated total concentration of uPA in seminal plasma (ng/mL) and spermatozoa (ng/ 106 spermatozoa) by radioimmunoassay (RIA) and ELISA techniques [11, [25] [26] [27] [28] . Also, plasminogen activator activity (PAA) associated with uPA can be measured in terms of international units per milliliter by spectrophotometry using a chromogenic substrate as S-2251 or Spectrozyme® uPA [27, 29, 30] . PAA is defined as the amount of enzyme needed to transform 1 μmol of plasminogen into plasmin in 1 min per volume unit.
In this study, we investigate a new way of measuring active uPA concentration with aim of identify a new parameter that could be a better biomarker than either total uPA content or enzymatic activity PAA. This method involves measuring the content of active uPA by ELISA (i.e., uPA that is not latent or not complexed), since functionally active uPA forms a covalent complex with the biotinylated PAI-1, which is bound to avidin, whereas inactive or complexed uPA will not bind to avidin and will not be detected.
Although significant amount of work has been done to elucidate the role of uPA in male reproductive function, its relationship to clinical fertility parameters has not been investigated. Although uPA content and PAA in seminal plasma and spermatozoa have been previously related to human seminal parameters [25] [26] [27] [28] , the possible direct relationship with human fertility has not been comprehensively examined and no conclusive results are available (see Table 1 ). The aim of this study was to evaluate the concentration of total and active uPA in human seminal plasma and spermatozoa and to determine whether a relationship exists between these values and sperm parameters and fertility outcomes of assisted reproductive treatments. This is the first report, up to our knowledge, measuring active uPA content and showing a direct relationship between total uPA content in seminal plasma and human fertility after artificial insemination with homologous semen (AIH) or intracytoplasmic sperm injection (ICSI) and embryo transfer. These results open the possibility for exploring the prognostic value of plasminogen-plasmin system components in seminal samples as predictors of fertilization capacity. 
Material and methods

Ethics
Sample collection and sperm assessment
This research was an observational case control study. Semen samples were obtained from 182 men: 5 donors, 21 patients attending the clinic for infertility screening, and 156 for assisted reproduction technology (ART) treatment (IAH and ICSI). The men ranged in age from 18 to 59 years, with a mean value of 36.41 ± 0.42 years. Semen samples were obtained by masturbation and collected into sterile containers, following 3-5 days of abstinence from sexual activity. After liquefaction, semen samples were examined for volume, sperm concentration, morphology and motility according to World Health Organization (WHO), fifth edition guidelines [31] . Samples were categorized into the following groups: normozoospermia (n = 145), oligozoospermia (n = 3), asthenozoospermia (n = 23), and oligoasthenozoospermia (n = 11), according to WHO criteria [31] . Oligozoospermia was considered when the total number of spermatozoa in the ejaculate was below 39 × 10 6 spermatozoa. Asthenozoospermia was considered when percentage of progressively motile spermatozoa was below 32% [31] .
Determination of uPA concentration
Aliquots of each sample were centrifuged (3000×g for 10 min), and seminal plasma and spermatozoa were stored separately at − 80°C until their uPA content was evaluated.
For measurements of the total and active uPA concentration in seminal plasma (ng/mL), ELISA kits from Molecular Innovation Inc. (Novi, MI, USA) were used (human uPA total antigen assay and human uPA active). Total uPA evaluation in spermatozoa (expressed as ng/10 6 cells) was measured in sonicated samples. Briefly, spermatozoa were resuspended in PBS and centrifuged at 3000×g twice. Sperm suspension was transferred to a beaker in ice water (0°C) and sonicated for 15 s at 50% outpour of a sonicator (Labsonic, B. Braun Biotech International, Melsungen, Germany). In the total uPA assay, uPA present in the sample binds to the polyclonal antibody coated on the microtiter plate. Free and complexed uPA is detected by the assay in the 0.1-50 ng/mL range. The minimum detectable value was 0.043 ng/mL. A standard calibration curve was prepared along with the samples to be measured using serial dilutions of uPA. In the human uPA active assay, functionally active uPA present in samples forms a covalent complex with the biotinylated human PAI-1 which is bound to the avidin on the plate. The assay measures active uPA in the 0.1-50 ng/mL range. The minimum detectable value was 0.013 ng/mL. The presence of uPA in seminal plasma and spermatozoa was confirmed by Western blotting, using anti-uPA polyclonal antibody from goat (1:1000 v/v, AP02255SU-N, Acris antibodies GmbH, Herford, Germany) and rabbit anti-goat IgG-HRP conjugate antibody (1:10,000 v/v, AP106P, Millipore, Madrid, Spain).
Assisted reproductive treatments
According to the reproductive pathology diagnosis, the couples were treated with artificial insemination with homologous semen (AIH) or ICSI. Inclusion and exclusion criteria were different according to the corresponding ART.
AIH treatment
AIH inclusion and exclusion criteria Inclusion criteria for AIH included women between 18 and 39 years old undergoing ovarian stimulation with clinical criteria for AIH and confirmatory tubal patency. Women with severe endometriosis or uterine fibroids over 2 cm that disturbed the endometrial lining were excluded. Inclusion criteria for men included number of progressively motile spermatozoa (NPMS) greater than 2 million cells.
AIH procedures Semen parameters were evaluated after liquefaction at 37°C under 5% CO 2 , for 10-30 min. The samples were examined for sperm concentration and motility in a Makler® Chamber (Sefi Laboratories, Tel Aviv, Israel). All samples were processed by swim-up or density gradient (18) 18.4 ± 9.2 (28) ns SP [32] Normozoospermia (16) Asthenozoospermia (21) --ns SP mRNA [34] Normozoospermia (15) OAT (41) 1.6 ± 0.2 (15) 7.7 ± 2.1 (41) < 0.05 Spermatoza ng/10 6 cells
OAT oligoasthenoteratozoospermia, ns not significant methods. Briefly, in the swim up method, ejaculates were diluted 1:1 (v/v) with Sperm Medium (Global fertilization, Life global, Guilford, USA), centrifuged at 300×g for 10 min, and the supernatant eliminated. Aliquots of 0.5-1 mL of fresh medium were overlaid over the pellet and incubated at 37°C for 45 min with the tubes inclined at an angle of 45°. After this period, the upper layer (0.5 mL), containing the sperm to be used in the treatment, was taken. In the density gradient method (90 and 45%, All grad, Life global, Guilford, USA), sperm suspension was layered gently over the 45% medium and centrifuged at 200×g for 20 min. Pellets were washed again at 300×g for 5 min after centrifugation; supernatant was removed, and the pellet, containing the sperm to be used in the treatment, was resuspended in 0.5 mL of sperm medium. Aliquots of 10 μL were used for analysis of sperm concentration, motility, and morphology. The remaining sample was loaded into the insemination catheter and delivered into the uterus. All cycles were stimulated with recombinant FSH (Puregon; MSD, Spain). Stimulation was started on cycle day 3 with 50-75 IU of rFSH daily. Follicle maturation was monitored by serial vaginal ultrasound and plasma E2 levels. When the diameter of the leading follicle(s) was > 18 mm, the patients received 6500 IU of HCG (Ovitrelle, Merck Serono, Madrid, Spain). Inseminations were performed 12 and 36 h after the HCG injection. The luteal phase was supported by daily vaginal administration of 200 mg progesterone suppositories. Plasma β-HCG levels were measured 2 weeks after IAH to determine biochemical pregnancy. Clinical pregnancy was defined as transvaginal ultrasonographic visualization of intrauterine gestational sac(s).
ICSI treatment
ICSI inclusion and exclusion criteria Women who were between 18 and 39 years old and undergoing ovarian stimulation were included. Men were included when the number of progressively motile spermatozoa (NPMS) was greater than 0.7 million spermatozoa. Women were excluded in cases of presence of uterine fibroids over 2 cm that disturbed the endometrial lining.
ICSI procedures All patients were stimulated with GnRH antagonist treatments (Orgalutran, MSD) and recombinant or urinary FSH (Puregon; MSD, Gonal-F; Merck Serono or Fostipur; Angelini). Follicle maturation was monitored by serial vaginal ultrasound and plasma E2 and P4 levels. When the diameter of the leading follicle(s) was > 18 mm, the patients received 6500 IU of HCG (Ovitrelle, Merck Serono, Madrid, Spain) and transvaginal oocyte retrieval was performed 36 h later. Oocytes were inseminated by ICSI method, and oocytes were placed individually in pre-equilibrated culture dishes (EmbryoSlide; Vitrolife AB, Göteborg, Sweden) in a timelapse incubator (EmbryoScope¸Vitrolife AB, Göteborg, Sweden) or in a conventional incubator (Heraeus; Heracell, Madrid, Spain) under oil at 37°C and 5.5% CO 2 in air.
Luteal phase was supported by daily vaginal administration of 400 mg progesterone suppositories. Plasma β-HCG levels were measured 2 weeks after embryo transfer to determine biochemical pregnancy. Clinical pregnancy was defined as transvaginal ultrasonographic visualization of intrauterine gestational sac(s).
Statistical analysis
Data are expressed as the mean ± S.E.M. and analyzed by ANOVA, considering the specific group as the main variable. When ANOVA revealed a significant effect, values were compared by the least significant difference pair wise multiple comparison post hoc test (Tukey). Differences were considered statistically significant at P < 0.05. Pearson correlation was used to explore the possible relationships between uPA concentration and seminal parameters. Correlations were considered statistically significant at P < 0.05. Logistic regression was used for comparing the sperm parameters values between pregnant and non-pregnant cases.
Receiver operating characteristic (ROC) curve analysis was applied to evaluate the predictive value of the fertility (pregnancy rate %) of the uPA concentration in seminal plasma. Sensitivity, specificity and cutoff value was calculated. Finally, the positive and negative likelihood ratios are defined respectively as follows: LR+ = probability of positive test given the presence of pregnancy/probability of positive test given the absence of pregnancy = sensitivity/1 − specificity. LR− = probability of negative test given the presence of pregnancy/ probability of negative test given the absence of pregnancy = 1 − sensitivity/specificity. Systat 13 and SigmaPlot 13 software (Systat Software, Inc., San Jose, CA, USA) were used for the statistical analysis and graphical presentation.
Limitations of the study
Due to logistical issues, it was not possible to measure all the parameters in each seminal sample (details in Table 2 ). The number of samples evaluated for every parameter is shown in the tables and pairwise comparison was done in correlation studies.
Results
uPA in seminal plasma and spermatozoa
Sperm parameters (sperm concentration, total sperm in ejaculate, morphology and total and progressive motility) and total uPA concentration in seminal plasma (ng/mL), active uPA concentration in seminal plasma (ng/mL), and total uPA concentration in spermatozoa (expressed as ng/10 6 spermatozoa) are shown in Table 2 . Mean values for total and active uPA in seminal plasma were 22.34 ± 0.77 and 1.64 ± 0.12 ng/mL, respectively (Table 2 ) with a heterogeneous distribution of the samples (Fig. 1) . The mean value for total uPA in spermatozoa was 1.21 ± 0.19 ng/10 6 spermatozoa. In 54 cases, it was possible to evaluate total and active uPA in seminal plasma from the same sample with values of 21.91 ± 0.75 ng/mL total uPA and 1.74 ± 0.21 ng/mL of active uPA. These parameters were not significantly related (Pearson correlation (r = 0.13, P > 0.05). The active uPA represented, in most of the cases, less than 10% of the total uPA present in the seminal plasma (mean value 8.27 ± 1.02%).
In 59 cases, it was possible to evaluate active uPA in seminal plasma and uPa content in spermatozoa from the same sample with values of 1.38 ng/mL of active uPA and 1.23 ng/ 10 6 spermatozoa. These parameters were not significantly related (Pearson correlation; r = − 0.17, P > 0.05).
Relationship between uPA content and sperm parameters
Total uPA content in seminal plasma was not related to the seminal parameters (P > 0.05; Table 3 ), whereas active uPA in seminal plasma was positive and significantly related to the volume of the ejaculate, total number of spermatozoa in the ejaculate (× 10 6 ) and total motility (%, P < 0.05; Table 3 ). For total uPA in spermatozoa, an inverse and significant relationship was found to most of the seminal parameters (concentration, total sperm in ejaculate, morphology, and total and progressive motility) (P < 0.05; Table 3 ).
When samples were grouped by normozoospermia (n = 145), oligozoospermia (n = 3), asthenozoospermia (n = 23), and oligoasthenozoospermia (n = 11), according to WHO criteria [31] , no differences were found for total and active uPA in seminal plasma between groups (P = 0.53 and P = 0.36, respectively; Table 4 ). However, higher values for uPA in spermatozoa (ng/10 6 cells) were detected in nonnormozoospermic than normozoospermic samples (P < 0.01; Table 4 ). This result is consistent with the inverse relationship between uPA in sperm (ng/10 6 cells) and sperm parameters (P < 0.05; Table 3 ).
uPA concentration in seminal plasma and spermatozoa and fertility outcomes
We next examined how uPA concentrations in seminal plasma and spermatozoa correlated to assisted reproduction outcomes following AIH and ICSI (Tables 5, 6 , and 7). Higher values for total uPA in seminal plasma were detected (24.91 ± 0.98 vs. 20.26 ± 1.05 ng/mL, P = 0.01; Table 5 ) in cases that resulted in pregnancy compared to those that did not. No differences were found for the other uPA measurements (P = 0.38 and P = 0.43, respectively; Table 5 ). Receiver operating characteristic (ROC) curve analysis was applied to evaluate the predictive value of the uPA concentration in seminal plasma and spermatozoa for fertility (pregnancy rate, %). The area under the curve was 0.72 for total uPa in seminal plasma (P < 0.05; Fig. 2 ) and 0.56 for active uPA in seminal plasma and uPA in spermatozoa. However, the later values were not significant (P > 0.05). According to the contingency table of sensitivity and B1 − specificity^, the optimal cutoff value for predicting pregnancy using the uPA concentration in seminal plasma was 21.6 ng/mL. With this value, the sensitivity was 93% and specificity was 51%, with values for positive and negative likelihood ratios LR + =1.91 and LR− = 0.14 ( Fig. 3) .
Using only the data derived from AIH cycles, higher values for total uPA in seminal plasma were detected in the cases resulting in pregnancy compared to those that did not (26.66 ± 1.61 vs. 20.41 ± 1.53 ng/mL; P = 0.02; Table 6 ). No differences were found for the other uPA measurements (P > 0.05; Table 6 ). ROC curve analysis was applied to evaluate the predictive value of the uPA concentration in seminal plasma on fertility (pregnancy rate, %). The area under the curve was 0.74, and the optimal cutoff value for predicting pregnancy using the uPA concentration in seminal plasma was 22.6 ng/ mL (P < 0.05; Fig. 4 ). With this value, the sensitivity was 83% and the specificity was 48%, LR+ = 1.60 and LR− = 0.35 (Fig. 5) . Using only the data derived from ICSI cycles, we detected higher values of total uPA in seminal plasma in cases with pregnancy (23.60 ± 1.07 ng/mL) compared to no pregnancy 20.01 ± 1.23 ng/mL) (P = 0.05; Table 7 ). No differences were found for the other uPA measurements (P > 0.05; Table 6 ). The area under the curve for total uPA in seminal plasma was 0.75 (P < 0.05; Fig. 6 ). Two possible cutoff values were determined for predicting pregnancy by the use of uPA concentration in seminal plasma: 23.3 ng/mL (sensitivity 75% and specificity 79%, LR+ 3.50 and LR− 0.32) and 21.7 ng/ mL (sensitivity 88% and specificity 64%, LR+ 2.45 and LR− 0.19; Fig. 7 ). 
Discussion
The main conclusions from this study are that the concentrations of active uPA in seminal plasma is a sign or index of good sperm quality, however without prognostic value of fertility outcomes. Furthermore, total uPA content in seminal plasma is not related to sperm parameters but it is positive related to fertility after AIH and ICSI treatment. On the other hand, the presence of uPA in spermatozoa is a sign of bad quality and is not related to fertility . Seminal plasma levels of uPA are much higher than in blood plasma [11, 29] . uPA is present in human testicular tissue [4] , and some authors have suggested that the uPA present in seminal plasma is secreted by the accessory glands [27] , with a significant contribution from prostatic secretions [11, 29] . Also, uPA is synthesized in epithelial cells of the epididymal caudal region, vas deferens, and seminal vesicles [5, 30] .
The total uPA seminal plasma values in this study are similar to some studies in the range of 15.5-32 ng/mL [11, [26] [27] [28] 32 ] but higher than others [25] (see Table 1 ). These differences could be related to the use of different methodologies of measurement (RIA vs. ELISA) and the different efficiencies of the antibodies used. Also, sampling methodology could have an effect on results. Previously, it has been reported that the use of extrinsic inhibitors, as 1,10-phenanthroline and PPACK, could modify the measurements [11] . In addition, the first fraction of the ejaculate (prostatic fluid rich fraction) presented higher uPA content in seminal plasma than the second fraction, with a rich proportion of the secretion coming from seminal vesicles [11, 29] . According to these authors, uPA levels are associated more with prostatic secretions than those from seminal vesicles.
According to our results, total uPA in seminal plasma does not influence the quality of the ejaculate and the sperm parameters. No differences were found in total uPA concentration in seminal plasma between normozoospermic and nonnormozoospermic cases (Table 4) . These results are consistent with previous studies that did not find differences [25] [26] [27] [28] . Only one study reported higher values of uPA in seminal plasma in normozoospermic (n = 36) compared to azoospermic samples which had a limited sample size of 2 [29] . No correlation was found between total uPA in seminal plasma with sperm parameters (Table 3) as previously reported [25, 26] . Recently, a study of cell free mRNA of uPA content in seminal plasma by qRT-PCR demonstrated no differences between normozoospermic individuals and asthenozoospermic patients [33] .
The normal amount of uPA antigen but low enzymatic activity in normal seminal plasma indicated that uPA activity was under appropriate control [32] . In this study, the active uPA represented less than 10% of the total uPA in most of the cases. In this same sense, some authors reported that 93% of uPA content in the seminal plasma is linked to protein C inhibitor (PCI), so it is an inactive form [11, 34] . To our knowledge, this is the first time that the concentrations of active uPA have been reported. Although the values of active uPA were not different between normo and non-normospermic samples, they were positively related to sperm parameters (volume, motility and no spermatozoa in ejaculate; Table 3 ). PAA associated to uPA activity (IU/mL) has previously been measured in seminal plasma [32, 35] . Higher levels of uPA activity (20 ± 60-fold higher than control) were observed in a couple of infertile patients, where the inhibitory capacity of the protein C inhibitor (PCI) was abnormally decreased [32] . There is no other information about the possible relationship between active uPA or uPA activity and seminal parameters. uPA concentration in spermatozoa (ng/10 6 spermatozoa) was lower in normozoospermic samples than oligo and oligoasthenoteratozoospermic (OAT) samples, with very similar values as previously reported when normozoospermic and OAT samples were compared (1.6 ± 0.2 (n = 15) vs. 7.7 ± 2.1 (n = 41), P < 0.05) [27] . In this study, uPA concentration in spermatozoa (ng/10 6 spermatozoa) was inversely related with the sperm quality parameters (concentration, motility, and morphology). No other studies have previously evaluated this relationship in human samples. However, our group has detected an inverse relationship between uPA content in pig spermatozoa and such parameters as motility and normal acrosome morphology (data not published).
The only study that directly related the plasminogen activator activity (both uPA and tPA together) in sperm cells with IVF outcome showed higher values of plasminogen activation in successful IVF cases than failure cases.
However, the methodology used was not able to distinguish the role of uPA, tPA, and PA inhibitors in this relationship with fertilization rate [36] . Knock out animal models, specifically in the mouse, could be helpful in clarifying the specific plasminogen-plasmin system component involved in this effect. In fact, although it was shown years ago that single-and double-knockout uPA Cutoff > vs Sensitivity Cutoff > vs Specificity Fig. 3 Cutoff value, sensitivity, and specificity for uPA content in seminal plasma for predicting pregnancy after application of ART treatments (AIH or ICSI), n = 51. Optimal cutoff value 21.6 ng/mL and tPA male and female mice could reproduce, double knockout animals were less fertile than controls [37] . Despite this interesting data, no deeper studies have been carried out subsequently, so the specific reproductive events affected in these animals or the PAs responsible remain unknown.
Improvement of fertility after AIH could be directly related to the activation in the seminal plasma of latent transforming growth factor β1 (TGF-β1) induced by uPA, tPA, and other factors of the plasminogen-plasmin system [38] . TGF-β1 is one of the most important immunosuppressive factors present in seminal plasma [39] . However, it is difficult to understand how uPA in seminal plasma can directly improve the fertility Cutoff > vs Sensitivity Cutoff > vs Specificity Fig. 7 Cutoff value, sensitivity, and specificity for uPA content in seminal plasma for predicting pregnancy after application of ICSI treatment (n = 22) after embryo transfer of ICSI produced embryos, without any direct connection to sperm quality. So, an indirect relationship must be implied, probably related to the interaction between a rich uPA seminal plasma and uPA receptors (uPAR) in spermatozoa, cumulus cells, and oocytes during their contact in the IVF dish. As for the ICSI situation, binding of seminal plasma uPA to uPAR in the oocyte would not be plausible, so the carrying of uPA by the fertilizing spermatozoa would be an indirect option to be explored further. In this sense, some studies offer some understanding of the role of uPA on sperm fertilizing ability in domestic animal models like pigs [14] [15] [16] . Addition of uPA to human samples has improved motility parameters [24] , and uPA could be a chemotactic factor as in the mouse model [23] .
On the other hand, total uPA in seminal plasma has been suggested to have a fibrinolytic activity [29] and the soluble urokinase-type plasminogen activator receptor (suPAR) has been reported in seminal plasma [40] . Interestingly, suPAR values in seminal plasma are inversely related to sperm motility and vitality, and it was used as predictor of male accessory gland inflammation [40] . A recent study comparing seminal parameters, suPAR values in seminal plasma and accessory gland inflammation in psoriasis patients and healthy subjects confirmed this relationship [41] . Finally, a relationship between high viscosity of seminal plasma, high values of proinflammatory interleukins, and male accessory gland inflammation has been reported [42] . It will be necessary to study the possible roles of uPA in the modulation of seminal plasma viscosity associated with inflammation of accessory glands or the use of uPA measurement as an indicator of subclinical process of inflammation.
This first study opens the possibility to explore in deep the role of all the activators, inhibitors, and receptors of the plasminogen/plasmin system present in seminal plasma and spermatozoa on the fertility after artificial reproductive treatments.
